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Background: Opisthorchis viverrini (OV)-associated cholangiocarcinoma (CCA) has a high 
immune response with chronic inflammation and oxidative stress. CD44 and Nestin, two cancer 
stem cell (CSC) markers, play major roles in cancer cell survival. Effects of immune response 
and expression CSC markers on survival of patients with CCA remain unclear.
Objective: To investigate the effects of level of OV IgG together with CSC marker expression 
and also the combination of these markers on survival of CCA patients after curative resection.
Methods: All serum specimens from CCA patients who underwent curative surgery from 
2005 to 2015 were examined for IgG for OV antigen by ELISA. Tissue specimens were 
studied for CD44 and Nestin expression. Survival analysis by Cox proportional hazard model 
was used for estimating hazard ratio (HR) with a 95% confidence interval (CI).
Results: In this study, 122 (69.3%) of 176 were positive for OV IgG, and 35 (19.9%) were 
considered to have high-positive OV IgG. CD44s positive expression was found in 54 (40%), 
CD44v6 high expression in 96 (69.6%), CD44v8-10 high expression in 87 (63.5%) and 
Nestin high expression in 21 (16.1%). Multivariate survival analysis found that high-positive 
OV IgG and late stage tumor were independent prognostic factors with the adjusted HR of 
2.24 (95% CI 1.27–3.93) and 2.78 (95% CI 1.46–5.29), respectively. Subgroup analysis in 
early and late stage CCA showed that a combined positive OV IgG and CD44s expression 
with the high expression of CD44v8-10 had the significantly poorest prognosis with HR of 
3.75 (95% CI 1.61–8.72) and HR of 1.76 (95% CI 1.02–3.03), respectively.
Conclusion: A high level of OV IgG as well as a high level of CSC markers resulted in an 
aggressive CCA. OV IgG level together with CSC markers can be used as the prognostic 
markers for CCA patients’ survival. The study of the CD44 pathway is promising for 
adjuvant treatment.
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Introduction
Cholangiocarcinoma (CCA) is a cancer of the bile duct epithelial cells arising along 
the intrahepatic or extrahepatic biliary tract.1 The north-eastern region of Thailand 
has the highest incidence of CCA in the world. The major risk factor for cholan-
giocarcinogenesis is chronic biliary tract inflammation caused by liver fluke, 
Opisthorchis viverrini (OV), infection.2 The mechanisms of inflammation and 
immunity that are involved in OV associated cholangiocarcinogenesis have been 
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reported.3 Notably, chronic inflammation by OV infection 
can induce oxidative stress, which leads to abnormal tissue 
remodelling, DNA damage and an alteration in gene 
expression, all of which could promote CCA 
carcinogenesis.3 OV associated CCA is mainly caused by 
the activation of inflammation, while the cause of non-OV 
associated CCA is related to the alteration of growth 
factors.4 Serum IgG against OV antigen is a good marker 
for OV associated CCA because it can represent past or 
present infection and is associated with a poor survival 
outcome.5 The presence of serum IgG for OV is evidence 
of host immune response induced inflammation and the 
level of serum IgG may represent the level of oxidative 
stress that has occurred.

Cancer stem cells (CSC) are known to be 
a subpopulation of cancer cells with stem-like properties. 
They are involved in cancer development and 
progression.6 Cancer stem cell markers are therefore 
widely used as biomarkers in cancer patients. The cluster 
of differentiation 44 (CD44) antigen is a cell surface 
glycoprotein involved in cell-cell interactions, cell adhe-
sion and migration that is important in many types of 
cancer and CD44 were also reported to be associated 
with shorter survival in various types of cancer.7–12 

CD44 standard form (CD44s) and variant form (CD44v) 
overexpression was found in hyperplastic bile duct 
epithelium and cholangiocarcinoma cells in the OV- 
induced CCA hamster model.13 Several studies have 
investigated the role of CD44 in CCA. High expression 
of CD44 in the biliary epithelium indicates an unfavor-
able patient outcome.14 Another factor, Nestin, is a class 
VI intermediate filament protein which has been identified 
as a putative marker of CSC.15 Nestin expression has 
been observed in many types of human cancers. In some 
cancers, up-regulated or highly positive Nestin expression 
has been associated with a poor prognosis and tumor 
progression such as cell invasion, proliferation and 
metastasis.16

CCA is reported to have a poor prognosis with 5-year 
survival rate after resection only 20–30% with high recur-
rence rate.17–20 Adjuvant treatment after surgery is not 
well established; many studies and several Phase III clin-
ical trials have failed to address the benefit of adjuvant 
regimen of treatment. The recent BILCAP study reported 
that adjuvant treatment after surgery with capecitabine 
resulted in a significant increase in recurrent free survival 
compared with observation.21 Although the results from 
the BILCAP study has changed the standard of care in 

adjuvant treatment for CCA and there are many ongoing 
trials focusing on adjuvant treatment for CCA, the use of 
specific risk factors or gene expression to select patients 
who may benefit from distinct treatments remain a -
challenge.22 Even though there are studies demonstrating 
the prognostic effect of OV IgG level and CSC markers on 
CCA, the prognostic effect of serum OV IgG in the com-
bination with cancer stem cell markers has not been elu-
cidated. Therefore, in this study, we hypothesized that the 
combination of OV IgG level with cancer stem cell mar-
kers (CD44s, CD44v6, CD44v8-10, Nestin) is associated 
with poor survival, and that using these combined markers 
may enhance prognostic efficacy and selection of patients 
for specific adjuvant treatment.

Materials and Methods
Patients and Serums
CCA patients who were diagnosed at Srinagarind 
Hospital, Khon Kaen University (January 1, 2005 to 
December 31, 2017) were included in this study. 
Informed consent had been obtained from all patients 
before surgery for usage of excessive tissue and serum 
samples. Serum specimens were kept in the biobank of 
the Cholangiocarcinoma Research Institute (CARI), 
Khon Kaen University. Patients who had undergone pal-
liative surgery or had inadequate serum specimens were 
excluded. The clinicopathological information was pro-
vided by the CARI. The patient’s age, gender, tumor site, 
histology type, staging, lymph node metastatic status, 
surgical margin status and adjuvant chemotherapy were 
recorded. Patient survival was defined as the interval 
from the day of surgery to the time of death. A patient 
who was alive at the end of the study on December 31, 
2019 were recorded as censor. This research protocol was 
approved by the Human Research Ethics Committee, 
Khon Kaen University, based on the Declaration of 
Helsinki and the ICH Good Clinical Practice Guidelines 
(HE621147).

Indirect Enzyme Linked Immunosorbent 
Assay (ELISA)
Immunoglobulin G (IgG) antibodies against OV antigen 
were investigated in CCA serum using the indirect ELISA 
method. Briefly, whole adult OV antigen (1500 µg/mL in 
1X PBS pH 7.4) was coated into flat bottom microtiter 
plates that were then incubated at 4°C overnight. Before 
blocking with 3% skimmed milk in PBS (250 μL/well) at 
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37°C for 1 h, the plates were washed with 1X PBS with 
0.05% Tween 20. After that, patient serum (dilution 
1:6000 in 3% skimmed milk) was added into the plate at 
100 μL/well in duplicate, then incubated at 4°C overnight. 
After washing with PBS plus Tween 20 five times, 100 μL 
of goat anti-human IgG conjugated with horseradish per-
oxidase (dilution 1:3000 in 3% skimmed milk) was added 
and incubated at 37°C for 2 h. After washing with PBS 
plus Tween 20, the signal was developed by adding ortho-
phenylene diamine hydrochloride (OPD) (Zymed, CA, 
USA) substrate (100 μL/well) and incubated for 30 min. 
4N sulfuric acid was used to stop the reaction and the 
optical density (OD) was measured using an ELISA reader 
(at 492 nm) (Tecan, Austria). The results were analysed as 
described in a previous study.23 Patients with positive OV 
IgG and arbitrary units (AU) above percentile 75 were 
considered high titer positive.

CCA Tissue Microarray (TMA)
Of the total of 176 CCA cases, there were 163 available 
sera matched CCA tissue sections observed at selected 
tumor regions and normal liver tissue for negative con-
trols. A manual tissue microarrayer (2.0 mm diameter 
needle) was used to prepare the TMA block. This was 
produced with 70 cores per block. TMA blocks were cut 
into 4 µm thick sections and mounted on coated glass 
slides.

Antibodies
Primary antibodies in this study were as follows: mouse 
anti-Nestin (#ab6320), mouse anti-CD44 (#ab16728), 
mouse anti-CD44v6 (#ab78960), anti-rat (#ab6734) 
(Abcam, Cambridge, MA, USA). Rat anti-CD44v8-10 
(#LKG-M001, Cosmo Bio, Tokyo, Japan).

Immunohistochemistry (IHC)
CCA TMAs were used to investigate the expression of the 
target proteins using IHC. Briefly, paraffin embedded CCA 
TMAs were deparaffinized and rehydrated in stepwise 
xylene followed by 100%, 90%, 80% and 70% ethanol. 
Antigen retrieval was performed using microwave cooking 
with 1 mM sodium citrate pH 6.0 plus 0.05% Tween 20 
for 10 min. The activity of endogenous peroxide and non- 
specific binding were blocked using 0.3% (v/v) of hydro-
gen peroxide and 10% skim milk for 10 minutes for each. 
Primary antibodies including anti-Nestin (dilution 1:50), 
anti-CD44 (dilution 1:25), anti-CD44v6 (dilution 1:50) 
and anti-CD44v8-10 (dilution 1:50) were added and 

incubated at room temperature for 1 h followed by 4°C 
overnight. The sections were washed with phosphate buf-
fer saline (PBS) with 0.1% Tween 20 for 5 min (three 
times) followed by PBS for 5 min. The Envision horse-
radish peroxidase conjugated secondary antibody (Dako, 
USA) was added in TMA for 1 h, except for the CD44v8- 
10 tissue section to which was added anti-rat antibody 
(dilution 1:100) and left for 3 h. After washing, the signal 
was developed using a 3,3ʹ diaminobenzidine tetrahy-
drochloride (DAB) substrate kit (Vector Laboratories, 
Inc., CA) for 10 min and counterstained with Mayer’s 
hematoxylin for 5 min. Before mounting, the sections 
were dehydrated with stepwise 70%, 80%, 90%, 100% 
ethanol and xylene, for 5 min each. The TMAs were 
observed under a light microscope.

IHC Scoring System
Protein expression was analysed according to the fre-
quency and intensity scores. The staining frequency score 
of the target protein was semi-quantitatively scored and 
classified as 0 if there was no positive staining, 1+ = less 
than 25% of positive cells, 2+ = 25–50% of positive cells 
and 3+ = more than 50% of positive cells. The intensity 
score was defined as 0 if there was no staining, 1+ = weak 
staining, 2+ = moderate staining and 3+ = strong staining. 
The final IHC score was calculated by multiplying the 
intensity score with the frequency score. The IHC scores 
ranged between 0–9. The IHC score was formed from two 
independent punctures of each patient which were used to 
calculate the average IHC score. Finally, the median value, 
which is calculated from all patients, was used as the cut- 
off value to classify low and high expression.

Statistical Analysis
The sample size was determined for single or binary 
covariate cox regression analysis methods proposed by 
Schmoor et al.24 Setting a power of 80% at a 0.05 sig-
nificance level, aiming to detect a hazard ratio of 2.0, 
assuming a prevalence of IgG for OV positive of 0.75 
and prevalence of CD44 positive CCA of 0.8, and 
a correlation coefficient between IgG for OV and CD44 
positive of 0, the sample size was 110 cases which allowed 
for the expected data loss of 10%. Continuous and cate-
gorical data were reported as mean ± standard deviation 
(SD) and percentages, respectively. The Kaplan-Meier 
survival analysis was used to obtain median survival 
time with a 95% confidence interval (CI). Cox propor-
tional hazard model was used to estimate the hazard ratio 
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(HR) with a 95% CI as well as p-values. Stata version 14 
and SPSS version 17 were used to analyse the data. 
Significance level was set at 0.05.

Results
Patients’ Characteristics and 
Histopathology
A total of 221 histologically confirmed CCA patients who 
underwent surgery are included in this study. The biopsy data 
of 45 patients who underwent palliative surgery were 
excluded. Among the 176 patients included, the mean age 
of patients was 59.6 years (age ranged between 34 and 82 
years), and 108 (61.4%) patients were male. Fifty-three 
(30%) patients were extrahepatic, 97 (55.1%) had papillary 

carcinoma, 55 (31.2%) had tubular carcinoma and 24 (13.7%) 
patients had non-specific adenocarcinoma and rare variants. 
Tumor staging was defined according to the American Joint 
Committee on Cancer Staging manual, 8th edition. Stage 0, I, 
II, III and IV were found in 11 (6.3%), 27 (15.3%), 27 
(15.3%), 103 (58.5%) and 8 (4.6%) patients, respectively. 
Lymph node metastasis was found in 92 (52.3%) cases. 
A negative histological margin was achieved in 96 (54.5%) 
cases; 80 (45.5%) cases showed a microscopically positive 
margin (R1). Fifty-three (30%) patients received adjuvant 
chemotherapy after surgical resection (Table 1).

The 176 CCA patients who received curative surgery 
were studied for serum OV IgG antibody. Of these, 54 
(30.7%) cases were negative for OV IgG, while 122 
(69.3%) cases were positive. Among these 122 patients, 35 

Table 1 Patient Characteristics by Level of OV IgG

Variables Overall Level of OV IgG p-value

Negative Low-Positive High-Positive

Overall 176 54 (30.7%) 87 (49.4%) 35 (19.9%)

Age (mean, year) 59.6 59.1 60.1 59.4

Gender 0.10

Female 68 (38.6%) 23 (42.6%) 37 (42.5%) 8 (22.8%)

Male 108 (61.4%) 31 (57.4%) 50 (57.5%) 27 (77.2%)

Tumor site 0.57

Intrahepatic 123 (70%) 36 (66.7%) 64 (73.6%) 23 (65.7%)
Extrahepatic 53 (30%) 18 (33.3) 23 (26.4%) 12 (34.3%)

Histology 0.35
Papillary 97 (55.1%) 33 (61.1%) 45 (51.7%) 19 (54.3%)

Non-papillary 79 (44.9%) 21 (38.9%) 42 (48.3%) 10 (45.7%)

Stage 0.39

0 11 (6.3%) 7 (13%) 4 (4.6%) 0

I 27 (15.3%) 7 (13%) 15 (17.2%) 5 (14.3%)
II 27 (15.3%) 9 (16.6%) 14 (16.1%) 4 (11.4%)

III 103 (58.5%) 29 (53.7%) 50 (57.5%) 24 (68.5%)

IV 8 (4.6%) 2 (3.7%) 4 (4.6%) 2 (5.7%)

Lymph node metastasis 0.10

No 84 (47.7%) 31 (57.4%) 41 (47.1%) 12 (34.3%)
Yes 92 (52.3%) 23 (42.6%) 46 (52.9%) 23 (65.7%)

Surgical margin 0.48
Negative 96 (54.5%) 12 (48%) 22 (40%) 9 (56.3%)

Positive 80 (45.5%) 13 (52%) 33 (60%) 7 (43.7%)

Adjuvant chemotherapy 0.07

Yes 53 (30%) 13 (24%) 33 (37.9%) 7 (20%)

No 123 (70%) 41 (76%) 54 (62.1%) 28 (80%)
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(19.9%) were considered to have a high level of OV IgG. In 
addition, the expression of CD44s, CD44v6, CD44v8-10 and 
Nestin were investigated in 176 CCA tissues. IHC staining in 
CCA tissue was demonstrated (Figure 1). For CD44s, 54 
(40%) cases were classified as positive. For CD44 variant, 
CD44v6 showed high expression in 96 (69.6%) cases and 

CD44v8-10 in 87 (63.5%) cases. A high expression of Nestin 
was found in 21 (16.1%) cases. The association between 
histopathology factors and IHC results was explored accord-
ing to OV IgG levels. There was no difference in the histo-
pathology factors and IHC results between OV IgG negative, 
positive and high-positive groups (Table 2).

Figure 1 Representative IHC staining of CD44s, CD44v6, CD44v8-10 and Nestin in human CCA tissues (magnification 20X).

Table 2 The Expression of CD44s, CD44v6, CD44v8-10 and Nestin by Level of OV IgG

Variables Overall Level of OV IgG p-value

Negative Low-Positive High-Positive

Overall 176 54 (30.7%) 87 (49.4%) 35 (19.9%)

CD44 135 41 67 27 0.98

Negative 81 (60%) 25 (61%) 40 (59.7%) 16 (59.3%)
Positive 54 (40%) 16 (39%) 27 (40.3%) 11 (40.7%)

CD44v6 138 43 68 27 0.59
Low 42 (30.4%) 11 (25.6%) 21 (30.9%) 10 (37%)

High 96 (69.6%) 32 (74.4%) 47 (69.1%) 17 (63%)

CD44v8 137 43 67 27 0.37

Low 50 (36.5%) 12 (27.9%) 27 (40.3%) 11 (40.7%)

High 87 (63.5%) 31 (72.1%) 40 (59.7%) 16 (59.3%)

Nestin 130 40 64 26 0.65

Low 109 (83.9%) 32 (80%) 54 (84.4%) 23 (88.5%)
High 21 (16.1%) 8 (20%) 10 (15.6%) 3 (11.5%)
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Survival Analysis by Level of Serum OV 
IgG, Histopathological Factors and IHC 
Results (CD44s, CD44v6, CD44v8-10, 
Nestin)
The overall median survival time (MST) after curative resec-
tion was 18.6 months and 1-year, 3-year and 5-year survival 
rates were 67.0% (95% CI 59.6–73.4), 30.3% (95% CI 23.-
6–37.2) and 21.2% (95% CI 15.3–27.7), respectively.

Bivariable analysis showed that CCA patients with a low- 
positive OV IgG had a poor prognosis with an MST of 18.6 
months (95% CI 9.2–16.0) and an HR of 1.45 (95% CI 
0.98–2.15, p = 0.06). Patients with high-positive OV IgG 
had a significantly shorter survival with an MST of 10.5 
months (95% CI 4.8–17.4) and an HR of 1.99 (95% CI 
1.24–3.19) compared with OV IgG negative patients (Figure 
2A). Other factors that had a significant influence on survival 
were positive resection margin (HR 2.28, 95% CI 1.63–3.19, 
p < 0.01), papillary type (HR 0.56, 95% CI 0.40–0.68, p< 
0.01), lymph node metastasis (HR 3.73,95% CI 2.58–5.39, 
p < 0.01) and late stage tumor (HR 4.21, 95% CI 2.85–6.23, 
p<0.01). For IHC results, the positive expression of CD44s 
had a significant influence on survival (HR 1.52, 95% CI 
1.04–2.23, p = 0.03) (Figure 2B) (Table 3). Multivariate 

analysis showed that only high-positive OV IgG and late 
stage tumor were independent prognostic factors with an 
adjusted HR of 2.24 (95% CI 1.27–3.93, p < 0.01) and 2.78 
(95% CI 1.46–5.29, p < 0.01), respectively (Table 3).

Survival Analysis by Level of Serum OV 
IgG, Histopathological Factors and IHC 
Results (CD44s, CD44v6, CD44v8-10, 
Nestin) According to Tumor Stage
It is possible that the strong effect of tumor stage on 
patient survival may obscure the effect of other factors 
on survival outcome, therefore, survival based on OV IgG 
level, CD44, CD44v6, CD44v8-10 and Nestin expression 
was analysed according to tumor stage grouping at an 
early and late stage.

In early stage CCA (stages 0, I, II), a positive expres-
sion of CD44s showed a poorer prognosis, with an HR of 
2.31 (95% CI 1.25–4.26, p= 0.008) compared with nega-
tive expression (Table 4) (Supplementary Figure 2A). On 
the other hand, there was no difference in prognosis found 
based on OV IgG level (Supplementary Figure 1), 
CD44v6, CD44v8-10 and Nestin expression 
(Supplementary Figure 2B–D). Survival analysis based 

Figure 2 Kaplan–Meier analysis of serum IgG for OV and CD44s expression in 176 CCA patients. (A) Survival by different levels of serum IgG for OV. (B) Survival by 
different levels of CD44s.
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on the combination of OV IgG level and protein expres-
sion was also explored. The results with significant out-
comes for survival were CD44s positive expression with 
OV IgG positive (HR 2.45, 95% CI 1.22–4.95, p = 0.012), 

CD44v8-10 high expression with OV IgG positive (HR 
2.10, 95% CI 1.14–3.87, p= 0.018), CD44s positive 
expression with CD44v8-10 high expression (HR 3.27, 
95% CI 1.68–6.36, p < 0.001) and OV IgG positive 

Table 3 Median Survival Time and Multivariate Analyses of Clinicopathological Data and CSC Markers

Variables N IR/100 MST, Months (95% CI) Crude HR (95% CI) Adjusted HR (95% CI) p-value

Overall 176 2.7 18.6 (15.8–28.9)

Level of OV IgG
Negative 54 1.9 29.2 (15.9–42.1) 1 1

Low-positive 87 2.9 18.6 (15.6–24.2) 1.45 (0.98–2.15) 1.50 (0.95–2.37) 0.08

High-positive 35 4.0 10.5 (4.8–17.4) 1.99 (1.24–3.19) 2.24 (1.27–3.93) <0.01*

Gender

Female 68 2.8 16.3 (12.8–28.8) 1 – –
Male 108 2.6 18.9 (15.6–24.2) 0.97 (0.69–1.36)

Tumor site
Intrahepatic 123 2.7 17.4 (13.1–23.6) 1 – –

Extrahepatic 53 2.7 20.8 (15.3–29.5) 0.97 (0.68–1.39)

Histology

Non-papillary 79 4.1 13.0 (8.9–16.3) 1 1

Papillary 97 2.0 26.9 (19.7–33.8) 0.56 (0.40–0.68) 0.72 (0.49–1.06) 0.10

Stage

0, I, II 65 1.1 51.8 (35.7–123.9) 1 1
III, IV 111 5.5 12.7 (9.2–15.9) 4.21 (2.85–6.23) 2.78 (1.46–5.29) <0.01*

Lymph node metastasis
No 84 1.4 41.5 (28.1–63.0) 1 1

Yes 92 6.2 12.5 (8.5–15.9) 3.73 (2.58–5.39) 1.53 (0.86–2.71) 0.14

Resection margin

Negative 96 1.9 30.2 (21.8–41.5) 1 1

Positive 80 4.5 12.7 (8.9–16.3) 2.28 (1.63–3.19) 1.15 (0.76–1.72) 0.50

Adjuvant chemotherapy

Yes 53 2.8 19.2 (13.7–25.9) 1 – –
No 123 2.6 18.1 (10.1–24.2) 1.06 (0.75–1.5)

CD44
Negative 81 2.4 22.8 (15.6–29.5) 1 1

Positive 54 4.2 15.8 (8.9–18) 1.52 (1.04–2.23) 1.43 (0.97–2.11) 0.07

CD44v6

Low 42 3.1 19.7 (11.1–24) 1 – –

High 96 2.7 17.0 (13.2–24.9) 0.95 (0.64–1.42)

CD44v8-10
Low 50 3.0 17.4 (12.5–24.9) 1 – –

High 87 2.7 18.6 (13.2–24) 0.90 (0.62–1.32)

Nestin

Low 109 2.9 16.8 (12.9–21.8) 1 – –

High 21 2.2 26.2 (9.2–35.9) 0.78 (0.46–1.33)

Note: *P value equal to or less than 0.05 was considered statistically significant. 
Abbreviations: N, number of patients; HR, hazard ratio; IR/100, incidence rate per 100 persons-month; MST, median survival time.
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together with CD44s positive expression and CD44v8-10 
high expression (HR 4.39, 95% CI 1.90–10.14, p = 0.001) 
(Table 4) (Figure 3). Interestingly, multivariate analysis 
showed that a combination of OV IgG level and protein 
expression were independent prognostic factors for patient 
survival. The worst prognostic value was found with the 
combination of OV IgG positive and positive CD44s and 
high CD44v8-10 expression with an adjusted HR of 3.75 
(95% CI 1.61–8.72, p = 0.002) (Table 5).

In late stage (stages III, IV) CCA, bivariate analysis 
showed that a positive resection margin and no adjuvant 
chemotherapy led to a poor prognosis with a crude HR of 
1.59 (95% CI 1.08–2.35) and 1.50 (95% CI 1.00–2.24), 
respectively. For IHC factors, only the combination of OV 
IgG positive together with CD44s positive expression and 
CD44v8-10 high expression showed a significantly poor 
prognosis with a crude HR of 1.74 (95% CI 1.01–2.98, p= 
0.044), while there was no effect on survival outcome by 

Table 4 Survival Analysis by Level of Serum OV IgG, Clinicopathological Factors and IHC Results (CD44s, CD44v6, CD44v8-10, 
Nestin) According to Tumor Stage

Variables Early Stage Late Stage

N Crude HR (95% CI) p-value N Crude HR (95% CI) p-value

Gender (Ref: Female) 65 111
Male 0.82 (0.49–1.38) 0.447 1.03 (0.70–1.50) 0.901

Tumor site (Ref: Intrahepatic) 65 111
Extrahepatic 1.05 (0.59–1.56) 0.866 0.78 (0.52–1.16) 0.211

Histology (Ref: Non-papillary) 65 111
Papillary 0.55 (0.32–0.92) 0.024* 0.70 (0.48–1.03) 0.069

Resection margin (Ref: Negative) 65 111
Positive 0.97 (0.54–1.75) 0.929 1.59 (1.08–2.35) 0.018*

Adjuvant chemotherapy (Ref: Yes) 65 111

No 1.25 (0.69–2.26) 0.455 1.50 (1.00–2.24) 0.048*

Level of OV IgG (Ref: Negative) 65 111

Low-positive 1.41 (0.82–2.44) 0.212 1.12 (0.72–1.75) 0.607

High-positive 2.01 (0.91–4.46) 0.085 1.36 (0.79–2.32) 0.269

CD44s (Ref: Negative) 47 88

Positive 2.31 (1.25–4.26) 0.008* 1.20 (0.78–1.84) 0.416

CD44v6 (Ref: Low) 49 89

High 0.83 (0.45–1.54) 0.557 0.86 (0.55–1.36) 0.524

CD44v8-10 (Ref: Low) 49 88

High 1.41 (0.74–2.68) 0.292 1.00 (0.65–1.54) 0.989

Nestin (Ref: Low) 46 83

High 0.79 (0.76–2.29) 0.669 0.58 (0.32–1.04) 0.066

CD44s and OV IgG 47 88

Positive 2.45 (1.22–4.95) 0.012* 1.53 (0.96–2.46) 0.077

CD44v8-10 and OV IgG 49 88

High and Positive 2.10 (1.14–3.87) 0.018* 1.41 (0.91–2.19) 0.120

CD44s and CD44v8-10 47 88

Positive and High 3.27 (1.68–6.36) <0.001* 1.27 (0.78–2.05) 0.336

OV IgG and CD44s and CD44v8-10 47 88

Positive and Positive and High 4.39 (1.90–10.14) 0.001* 1.74 (1.01–2.98) 0.044*

Notes: *P value equal to or less than 0.05 was considered statistically significant. Early stage, tumor stage 0–II; late stage, tumor stage III–IV. 
Abbreviations: HR, hazard ratio.
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using one factor alone or the combination of two factors 
(Table 4) (Supplementary Figure 3 and 4, Figure 4). 
Multivariable analysis showed no adjuvant chemotherapy 
and the combination of OV IgG positive together with 
CD44s positive expression and CD44v8-10 high expres-
sion led to a significantly poorer survival with an adjusted 
HR of 1.72 (95% CI 1.08–2.76, p= 0.023) and 1.76 (95% 
CI 1.02–3.03, p = 0.041), respectively (Table 6).

Discussion
Thailand has the highest incidence of CCA in the world25 

and the major risk factor is OV infection. A previous study 
in 1994 reported that up to 89% of CCA patients were 
positive for serum OV IgG.26 The current study had 
a lower prevalence of CCA patients with positive serum 
OV IgG at 70%. As the current study included only 
patients who underwent curative resection, this may not 

Figure 3 Kaplan–Meier analysis of overall survival with a combination of serum IgG for OV and IHC results in early stage CCA. (A) Survival with a combination of CD44s 
and IgG for OV. (B) Survival with a combination of CD44v8-10 and IgG for OV. (C) Survival with a combination of CD44s and CD44v8-10. (D) Survival with a combination 
of CD44s, CD44v8-10 and IgG for OV.
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reflect the true prevalence of OV associated CCA. Another 
reason could be the reduction of OV infection incidence. 
Over the past 30 years there have been many campaigns to 
eliminate OV infection which have resulted in a decline in 
the prevalence of OV infection from 89.5% in 198427 to 
15.7% in 2009,28 and and to 10% in 2019 from popula-
tion-based studies.29

OV associated CCA has a grave prognosis as 
a previous study from Thailand reported 5-year survival 
after curative resection of only 20%,17 while 5-year 

survival after resection from countries with non-OV asso-
ciated CCA was 30–42%.18,30 A prospective study in 2016 
reported that most CCA patients present at an advanced, 
unresectable stage, 65% of walk-in patients received only 
symptomatic care and the resectable cases were only 
10%.31 In our study more than 60% of patients who under-
went surgery were in stages III or IV and had a poor 
survival outcome, while in non-OV associated CCA coun-
tries resectable cases with stages III or IV only accounted 
for 6–20% of the total.19,32,33 The aggressiveness of CCA 
in OV IgG positive cases may be explained by immune 
response inflammatory processes that induce cellular adap-
tation to oxidative stress, immune evasion and cellular 
proliferation. This concept is supported by our report of 
a high level of antibody mediated response resulting in 
significantly poorer survival.

Because cancer stem cells are believed to be key reg-
ulators of tumor aggressiveness,34 the levels of cancer 
stem cell markers may also be used as prognostic markers 
for patient outcome. The expression of CD44s in CCA 
from previous studies was 49% associated with poor 
survival.14,35 Our study showed a similar result with 40% 
of cases with CD44s expression having significantly 
poorer survival in early stage CCA. Moreover, our result 
also supports a previous study that found a high expression 
of cancer stem cell markers, CD44s, CD44v6 and 
CD44v8-10, associated with poor prognosis in early 
stage CCA patients.36 CD44v8-10 is a variant isoform of 
CD44 that plays a role in the regulation of oxidative stress 
in tumors by stabilizing the cystine–glutamate transporter 
and promoting glutathione synthesis.37 In OV induced 
hamster CCA tissues, the expression of CD44v8-10 was 
induced during bile duct transformation, and it was asso-
ciated with a poor prognosis.13 In addition, CD44v8-10 
showed a higher level in OV associated CCA compared 
with non-OV associated CCA, and it has been suggested as 
a marker related to inflammation associated cancer 
development.38 In our result, we found that patients posi-
tive for OV IgG and CD44s with a high expression of 
CD44v8-10 showed the poorest prognosis compared with 
other patients in both early and late stages of CCA. This 
result may be explained by the high level of oxidative 
stress, which may induce tumor aggressiveness and lead 
to a poor prognosis.

Survival of CCA patients not only depends on tumor 
aggressiveness, but also depends on treatment 
options provided. Surgical resection is the only main treat-
ment which had a chance to achieve long-term survival, 

Table 5 Multivariable Analysis of IHC Results in Early Stage CCA

Early Stage (0, I, II)

Variables N Adjusted HR 
(95% CI)

p-value

Model A

Histology 65

Papillary 0.51 (0.27–0.97) 0.040*

CD44s 47

Positive 2.13 (1.14–3.96) 0.017*

Model B

Histology 65

Papillary 0.47 (0.25–0.89) 0.021*

CD44s and OV IgG 47

Positive 2.38 (1.17–4.81) 0.016*

Model C

Histology 65

Papillary 0.42 (0.22–0.80) 0.008*

CD44v8-10 and OV IgG 49

High and Positive 2.37 (1.26–4.45) 0.007*

Model D

Histology 65
Papillary 0.44 (0.23–0.85) 0.014*

CD44s and CD44v8-10 47
Positive and High 3.34 (171–6.52) <0.001*

Model E

Histology 65

Papillary 0.53 (0.28–1.03) 0.060

OV IgG and CD44s and 

CD44v8-10

47

Positive and Positive and 

High

3.75 (1.61–8.72) 0.002*

Note: *P value equal to or less than 0.05 was considered statistically significant. 
Abbreviation: HR, hazard ratio.
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but the 5-year survival rate after resection was unsatisfac-
tory. Adjuvant treatment should be a beneficial option in 
selected patients by data from a previous retrospective 
study.39 A meta-analysis published in 2019, that included 
30 retrospective studies and 5 randomized trials, reported 
significantly better overall survival in CCA patients who 
received any adjuvant chemotherapy compared with sur-
gery alone and reported benefits in the lymph node posi-
tive and surgical margin positive groups.40 Our study 

shows the same result, that patients with stages III and 
IV with adjuvant chemotherapy had better survival. Given 
this information, we advocate the use of adjuvant che-
motherapy for stages III and IV patients. The randomized 
trial addressed the benefit of adjuvant capecitabine in 
improving recurrence free survival compared with surgery 
alone, but overall survival was not different by intention to 
treat analysis.21 However, because of discrepancies of 
study methods and heterogenicity of patients, the role of 

Figure 4 Kaplan–Meier analysis of overall survival with a combination of serum IgG for OV and IHC results in late stage CCA. (A) Survival with a combination of CD44s and 
IgG for OV. (B) Survival with a combination of CD44v8-10 and IgG for OV. (C) Survival with a combination of CD44s and CD44v8-10. (D) Survival with a combination of 
CD44s, CD44v8-10 and IgG for OV.
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adjuvant treatment remains controversial. The distinctive 
risk factors and effective biomarkers not only guided prog-
nosis, but also apply for selection of patients for adjuvant 
treatment in a personalized treatment strategy.22 Our study 
found positive OV IgG and expression of CD44 were 
significant prognostic factors for poor survival either in 
early or late stage CCA therefore CD44 pathway targeting 
is promising for adjuvant treatment. Many advanced pre-
clinical CCA model have recently been rapidly developed, 
including cell line culture, 3D spheroid model, 3D orga-
noid model and patient’s derived xenograft; these model 
are fundamental tools for initiating personalized 
treatment.41 A recent study reported that sulfasalazine 
(a CD44 targeting agent) enhanced cytotoxicity of cispla-
tin in CCA cell line and combined sulfasalazine with 
cisplatin treatment had significant tumor growth inhibition, 
increased apoptosis and decreased cell proliferation in 
high CD44v9 expressed CCA cell implanted xenograft 
model.42 Clinical study of sulfasalazine combined with 
chemotherapy is promising in OV associated CCA or 
CD44 expressed CCA both in adjuvant and 
advanced settings.

The limitation of this study was the reliance on retro-
spective data, therefore some parameters may be 
imbalanced between groups.

Conclusion
In summary, OV-associated CCA is an inflammatory 
induced cancer with a preventable cause. High levels of 
antibody mediated immune response to the parasite had 
consequences for the aggressiveness of CCA. Moreover, 

a combination of OV IgG level with CD44s and CD44v8- 
10 was associated with tumor aggressiveness and showed 
the poorest prognosis in patients after resection. Therefore, 
these markers may be used as prognostic markers for CCA 
patients: targeting and blocking the CD44 pathway is 
a promising study for adjuvant treatment.
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